INTRODUCTION
Blood sampling from infants, especially preterm infants, can be a difficult task. The most accurate measurement of blood gases is obtained from arterial sites rather than capillary blood. 1 Venipuncture, when performed by trained professionals, is considered the method of choice for routine blood sampling in term neonates. 2 However, the infant has a limited number of sites that can be used for arterial or venous sampling. An in-dwelling arterial cannula is used for the sickest infants, but the risks of sepsis, blood loss, and vessel perforation must be weighed against the benefits of this procedure being used on a routine basis for all infants in intermediate or intensive care units. For these reasons, capillary blood sampling (CBS) is commonly performed for routine laboratory tests in most units. A study by Johnson et al. 3 demonstrated that CBS in neonatal intensive care unit patients yielded pH, Pco 2 , lactate, and sodium results similar to arterial catheter samples. P a O 2 and glucose levels were dissimilar. 3 The most common method of CBS in the infant population is with a heelstick. Heelstick, using an automated device, allows for a standard, safe depth of penetration to the vascular bed. 4, 5 In order to obtain a sufficient blood volume, the heel is often warmed to increase blood flow to the area prior to the heelstick procedure. However, warming the heel may increase the expense of CBS through the cost of the material to warm the heel, as well as through the time required to perform the added procedure. Alternatively, warming the heel may benefit the patient by decreasing the time to collect blooddecreasing crying time and decreasing the need for multiple lancing.
Theoretically, the infant's heel is warmed for two physiological reasons. Firstly, warmth causes vasodilatation of the blood vessels, which should provide better blood flow and, therefore, a larger volume of blood from which to sample. The dilatation also results in the capillary values being closer to arterial values and, therefore, potentially be more accurate for pH, Pco 2 , and bicarbonate measurements. A randomized, controlled trial comparing samples of blood drawn in the first week of life from warmed versus unwarmed heels in 57 healthy newborns, between 35 and 41 weeks' gestation, showed no differences in the time to collect a standard volume of blood (0.15 ml), the number of repeat procedures required, or infants' behavioral responses. 6 Similarly, in 41 sick preterm infants less than 1 week of age, warming the heel did not produce significant discrepancies between 158 paired arterial and capillary pH and Pco 2 samples. 7 The latter results were further confirmed in a more recent study based on 21 neonatal intensive care patients with a gestational age of 36±5 weeks (mean±SD), range 26 to 41 weeks. 3 In addition, no differences were detected in the rate of blood flow or the amount of squeezing employed to obtain requisite blood volumes for laboratory analyses between warmed and unwarmed heels. 3 There are no published studies investigating the adequacy of blood volumes obtained in a combined cohort of preterm and term infants allocated to either heel warming or regular blood sampling without prior warming.
OBJECTIVE:
To determine if heel warming prior to heelstick increases the volume of blood collected compared to no warming.
Original Article
The primary purpose of this randomized study was to determine if heel warming increased the volume of blood taken from infants who require multiple blood tests compared to no warming. Secondary variables included time required to collect the sample, amount of time that the infant cried during the procedure, number of tests performed, number of repeat punctures required to achieve the blood volume necessary for testing, and whether or not milking or squeezing the foot was required.
The study received the permission of the hospital research ethics board. Consent was not sought from parents because the automated device is used routinely in the Level II neonatal unit for all capillary samples. The use of heel warming was not routine practice in this unit prior to the study and occurred at the decision of the infant's nurse.
METHODS

Patients
A total of 100 infants were enrolled in this randomized trial between January and June 1999. Sample size was determined a priori based on a mean difference of 0.4 ml of blood between the two study groups. Using an of 0.05 and a error of 0.02 with a two-tailed test, a total of 50 patients per group were necessary to achieve a power of 83%, based on our previous study. 4 The study took place in a large, teaching, Level II unit in southwestern Ontario. Any infant who required CBS for multiple blood tests, including a complete blood count, was eligible for participation. A complete blood count was required in order to ensure that there was no significant difference in hematocrit between the two groups that could affect the ease of blood sampling. Infants were excluded if they required a capillary blood gas or had a known coagulopathy.
Measurement of Outcomes
Volume of blood collected was calculated based upon the amount of blood obtained in standard pipettes. Complete blood counts were obtained using full EDTA microcaps 200 lambda (Drummond Scientific, Brookmall, PA), while routine biochemical test sampling was performed with heparinized 250-l Natelson blood collecting tubes (Chase Scientific Glass, Rockwood, TN). Phenylketonuria samples were drawn in 50 lambda capillary tubes (Fisher Scientific, Pittsburgh, PA). Time to collect the sample and amount of time the infant cried during the procedure were measured using a stop-watch and recorded on the data sheet. Number of lances required, whether squeezing was required, and if the necessary volume was collected were also recorded on the data sheet at the time of the blood sampling. Demographic information was recorded from the infants' charts.
Study Protocol
Using convenience sampling that was based upon the availability of the research nurses, the patients were prospectively randomized into two groups using a random number table and opaque, sealed envelopes in order to blind the group allocation. Varied blocking was used to avoid unmasking while ensuring equal distribution of patient numbers within groups.
One group had capillary blood samples collected after the heel was prewarmed for 5 minutes with a chemical heelwarmer pack (Fisher brand gel Infant Heel Warmer; Curtin Matheson Scientific, Houston, TX) (Control group). The second group had their samples taken without the heel being prewarmed (Experimental group). CBS was performed with an automated heelstick device (Tenderfoot; Tenderfoot International Technidyne, Edison, NJ) on infants in both groups. The incision device uses a surgical blade to produce standardized incisions of 2.5 mm in length and 1.0 mm in depth in term infants, and 1.75 mm in length and 0.85 mm in depth in preterm infants ( <1500 g) (Tenderfoot Preemie). For infants in both groups, the medial aspect of the heel was cleansed with alcohol and dried with sterile gauze. The skin was incised in a safe puncture area according to the procedure by Blumenfeld et al. 8 and blood was collected according to the technique previously described in the literature. 5, 9, 10 Squeezing of the heel was avoided where possible. The timing of the sample collection began immediately after the incision was made and was considered complete once the proper sample was obtained, when the heelstick was unable to provide a useable specimen, or if the operator felt that the force and technique required to obtain a sufficient sample volume would cause severe bruising or poor sample quality. The date of the testing, blood collection duration, volume of blood collected, time the heel warmer was applied, and time of heelstick were recorded immediately after the procedure. Information on the need to squeeze the foot in order to obtain a sample was also documented. If an immediate restick was necessary, the reason was recorded, as was the re-collection information on the same parameters described previously. Blood was collected sequentially for the diagnostic tests until blood flow stopped. If bleeding ceased prematurely, the skin was incised again to obtain the necessary quantity of blood. The occurrence of bruising was noted by the research nurse 1 hour following the procedure. The quality of sample obtained was determined by the laboratory technologists according to the presence or absence of hemolysis. Variability in technique was minimized by using two trained registered nurses for all heelstick procedures. Two stop-watches were used to time the procedure and the amount of time that each infant cried, respectively.
Statistical Analysis
As the procedures could not be blinded, the data analyses were conducted by a co-investigator who was not involved in the data collection or data entry, and who was unaware of the group assignment. Group comparisons were made using -squared analysis for dichotomous variables and independent Student's t-tests for continuous variables. Where data were not normally distributed, analyses were conducted using log transformation of the data. The effect of multiple testing was minimized by decreasing the p values from 0.05 using the Bonferroni correction. 11 The data were analyzed using SPSS 9.0 for Windows.
RESULTS
Baseline Data
Baseline demographic data are shown in Table 1 . Based on the Bonferroni correction, the p value for level of significance was 0.004. There were no statistically significant differences between groups in gender, gestational age at birth, weight and age at time of study, hematocrit, and platelet count (Table 1) . Gestational ages of the infants ranged from 26 to 41 weeks in the Control group and 25 to 41 weeks in the Experimental group. Weight at time of study in the two groups ranged from 1116 to 4180 g and from 1302 to 4305 g, respectively. There was a statistically significant difference in the pretest status of the infants' heels with respect to presence of bruising. Six percent (6%) of control infants versus 32% of experimental infants had bruised heels prior to the procedure (p=0.002).
Primary and Secondary Results
The primary outcome of this study was the volume of blood taken from infants during the control and experimental conditions. Volume of blood collected was measured in milliliters (ml). The median volume in the Control group was 0.9 ml, with a range of 0.55 to 2.00 ml, while in the Experimental group, it was 0.9 ml, with a range of 0.55 to 3.30 ml, respectively. The values of this variable were not normally distributed, and so were log-transformed for the analysis. Based on an independent Student's t-test, the differences were not statistically significant. Table 2 describes the results of the secondary variables by group. There were no statistically significant differences between groups in the amount of time taken to obtain the samples, crying time, number of tests performed, the number of repeat procedures required, and whether or not the necessary volume was collected. The incidence of squeezing or milking the foot to facilitate blood sampling was recorded in both groups as ''none, little, moderate, or excessive.'' More infants in the Control group (warmed heel) received squeezing during the procedure and this difference was statistically significant (p=0.003).
If the required volume was not achieved, the infants were lanced a second time with a new automated device. Repeat procedures occurred in nine babies in the Control group and in four infants in the Experimental group. The total volume required was obtained in all infants except for two Control group infants in whom sampling was stopped after two attempts.
Exploratory Analysis
In order to explore the relationship between volume of blood taken and the other variables in the study, further analyses were conducted following the primary analyses. Hierarchical linear regression modeling was undertaken to explore the contribution of the variables to the variance of the dependent variable, i.e., volume of blood taken. Correlations were run among the continuous variables prior to the regression analysis to ensure that highly correlated variables were not entered into the model. A number of variables were highly correlated, and so were not included in the model. Pretest bruising was entered in the first block of the model to control for the significant prestudy difference between groups. Group status was entered in the second block because it was the main independent variable. The remaining two blocks contained the baseline variables (gender, gestational age, hematocrit, platelet count) and other study variables (crying time, necessary volume collected, restick n.s. = not significant.
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Warming Versus Non-warming Prior to Heelstick necessary, heel milking/squeezing, and time to collect sample), respectively. The model was significant (F=2.59, df 11, 85, p=0.007) and explained 15% of the variance in volume of blood collected. The only significant variable in the model, however, was time to collect the sample. This variable contributed 8% of the total variance in volume of blood collected. This finding was not surprising given the intuitive relationship between volume of blood taken and time to collect the sample.
DISCUSSION
Our study demonstrated no benefit to prewarming the heel prior to CBS in preterm and term infants using an automated device with respect to the major outcome of blood volume collected. Only one of the variables, heel squeezing, showed a statistically significant difference between groups, in favor of the Experimental group. Barker et al. 6 studied the effect of heel warming on behavioral responses and the number of repeat heelstick procedures necessary to obtain a preset volume of blood in near-term infants. This small volume equates to one test for an infant in our study. It is currently the practice in our unit not to warm the heel if a single test is needed. We wanted to learn if there was a difference between infants who were subjected to heel warming when larger volumes of blood were needed for multiple tests. The lack of difference between groups in the results of this study lends further support that prewarming infants' heels prior to drawing blood samples offers no advantage over routine testing at room temperature. Our study, involving a larger cohort of preterm and term infants, is more representative of the heterogeneous population in a neonatal intensive care setting. It confirms the data of Barker et al. 6 on healthy infants undergoing bilirubin measurements or routine Guthrie screening -that the time taken to collect blood specimens, the number of repeat procedures, and an infant's pain response are not significantly altered relative to heel warming. However, unlike Johnson et al., 3 we noted that more infants who had their heels warmed required squeezing to obtain requisite samples. This difference could neither be explained by prior localized bruising, which was significantly higher in the Experimental group, nor by sluggish blood flow, because the number of repeat heelsticks was similarly higher in the prewarmed infants. The larger sample size in our study perhaps provided a better opportunity to evaluate this parameter.
Heel warming has been traditionally recommended as part of the sampling procedure for heelsticks in neonates. 5, 9, 10 This is, in part, related to the theoretical supposition that increased skin temperature will yield better blood flow, reduce procedural time, and enhance the total volume of blood collected. Heel warming involves the use of commercially available gel packs, immersion of the foot in warm water ( <428C), or using a warm cloth or latex glove half filled with warm water wrapped in cloth for 5 to 10 minutes. The procedure of heel warming prior to blood sampling was recommended in the past, but the technique was not critically evaluated. The newer lancing devices are automated, and calibrated for incision length and depth. Studies on these devices have shown that capillary sampling in most infants, with or without routine warming, provides laboratory data similar to that obtained through arterial catheters.
3,7,12,13 The exception to this 14 Routine capillary newborn metabolic screens yield comparative results to arterial specimens. 13 However, heel warming in 8-to 12-month-old infants may have a role in reducing observed venous-capillary differences in plasma amino acid concentrations such as aspartate, serine, glycine, and more significantly ornithine by increasing capillary flow. 15 Results of this study suggest that heel warming may provide an added cost over nonwarming prior to capillary blood collection for multiple tests. Five additional minutes does not seem like a great deal of time for one nurse to spend on heel warming. However, when this time is multiplied by the number of blood samples taken on a yearly basis in a nursery or neonatal intensive care unit, the increased time can add substantially to the cost of the procedure. The cost of the warming device itself must also be considered, whether it is a chemical device or simply a warmed washcloth, which has to be relaundered after each use. Future studies could include a formal cost/ benefit analysis.
The infants in this study were stable preterm and term infants. Studies with sufficient power to determine the effects of heel warming in sub-populations may yield different results. Future studies could focus on a stratified sample of preterm infants of varying weights and severity of illness, or of term infants with a higher severity of illness.
Overall, only a small percent (15%) of the total variance in volume of blood collected was explained by the variables in this model. Other variables should be considered for inclusion in future research.
In summary, this experimental study of 100 stable preterm and full-term infants showed no benefit of warming the heel prior to CBS using an automated incision device. The volume of blood obtained, time needed to collect the sample, crying time, and repeat procedures were not different between groups. More infants in the Control group (warmed heel) received squeezing during the procedure and this difference was statistically significant. Time to warm the heel prior to CBS in infants may be an unnecessary technique that expends nursing time and increases hospital financial expenditure. Capillary sampling at standard temperature for the majority of routine neonatal laboratory tests can be acknowledged as a comparable alternative to arterial specimens.
